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Summary

Since nearly the inception of digital seismological data, the Seismic Analysis Code (SAC) has
been utilized as processing software and a file format (Goldstein et al., 2003; Goldstein &
Minner, 1995; Goldstein & Snoke, 2005). Having a well-defined format is essential for the
distribution and processing of seismological data. Easy and quick access to seismological data
over the internet or within local networks is important for the development of seismological
tools that impact hazards (earthquakes, volcanoes, and tsunami), national security, and geo-
physical imaging on a variety of length scales. Here we implement an improved and open
source version of the SAC format with backwards compatibility.

Statement of need

The sacio library allows reading and writing of binary data files containing time series data, typ-
ically ground motion recorded by seismometers. This library is used in seismological research
including, but not limited to, earthquake location (Michael Cleveland & Ammon, 2013) and
magnitude determination (Miao & Langston, 2007), seismic tomography (Tape et al., 2010),
earthquake early warning activities (Colombelli et al., 2013), earthquake source process dis-
crimination (Templeton et al., 2018), and hazard probability estimates (Al-Amri et al., 2008;
Cramer et al., 2014).

A number of deficiencies exist with the original implementation of the routines to read and
write SAC binary files, written in Fortran 77 in the 1980s and directly translated into C in the
late 1990s. First, it was tightly coupled with the processing routines included with the SAC
program and difficult to use in external programs. Second, the routines were closed source and
are covered by export restrictions by the US Department of Energy (US-DOE) and Lawrence
Livermore National Laboratory (LLNL). Third, the routines and associated metadata in the
data files did not meet existing needs of current seismological datasets, including very high
samples rates, > 100 Hz, long duration data series (multiple days to months), and dense
sampling arrays.

This open source library that reads and writes SAC binary and alphanumeric files fixes these
outstanding issues. The library is fully decoupled and released under an open source license,
BSD 2-Clause. It is straightforward to link this library with existing software projects without
need to request the closed source, export-restricted version of SAC.

This library was designed as a drop-in replacement with strong backwards compatibility for
the original closed source version to facilitate an easy transition for scientists; it is currently
included within the official SAC distribution and used by seismologists globally. Moreover, the
library was written to allow simple linking from C (for language interoperability) and Fortran,
still used by scientists and seismologists.

Finally, the library adds routines to handle 64-bit metadata, or header values, to the binary
file format to allow for very high sampling rates, long duration data series, and high precision
station locations.
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